Objective: Considering the minimally invasive approach to dentistry, the scientific community has focused on non-invasive treatments for caries lesions. The aim of this study was to evaluate the efficacy of a nonsurgical approach to arrest occlusal non-cavitated dentin lesions through glass ionomer sealing.
In recent years, the minimally invasive dentistry approach to treatment of caries lesions has developed, with the trend towards the maximum possible preservation of dental tissues. 1 Nonsurgical procedures without using burs are based on scientific investigation and are apparently much welcomed by patients. 2 
INtrODuctION
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The literature recognizes the possibility of arresting enamel caries progression through noninvasive preventive measures, and conservative treatment has been recommended for carious lesions affecting this dental tissue. 3 Sealing caries lesions with a pit and fissure sealant 4 or a glass ionomer sealant (GIC), 5 in addition to regular use of fluoridated dentifrice during oral health care 6, 7 are the main nonsurgical strategies used to treat early enamel caries.
Most dentists continue to use an invasive approach to treat occlusal lesions involving carious dentin, even when they are non-cavitated, because of the belief that it is not possible for these lesions to be remineralized or arrested.
8, 9 However, MertzFairhurst et al 10 and Alves et al, 11 after a 10-year follow-up, showed that the progression of cavitated occlusal dentin caries can be arrested by sealing the cavity with an adhesive material, even without the removal of any infected tissue. Moreover, Borges et al 12 recently demonstrated that sealing the enamel over a non-cavitated dentin caries lesion using a resin-based sealant arrested its progression. Thus, results of these investigations point towards the possibility of effectively treating dentin caries through nonsurgical approaches.
Clinically non-cavitated caries has a thin, apparently intact enamel surface, 13 so that antibacterial substances contained in saliva, such fluoride ions [14] [15] [16] are able to diffuse with the possibility of interfering in bacterial growth. In the absence of a significant number of microorganisms, caries does not progress. 17 Thus it is important to evaluate the efficacy of GIC sealant on arresting non-cavitated occlusal dentin lesions, since GIC is capable of forming chemical bonds with dental substrates in addition to releasing fluoride. 18, 19 Fluoride released from GIC is responsible for inhibiting the acid production of caries-related oral streptococci. 20 Moreover, even after macroscopic loss of GIC, a physical barrier is maintained on the fissures, 21,22 which could prevent the passage of nutrients and release fluoride ions to bacteria under the enamel, making them non viable to continue dentin demineralization.
Self-polymerizing GIC has been widely used in public health programs due to being low cost and capable of high fluoride release. 23 The benefits of an effective treatment of non-cavitated lesions involving dentin by means of GIC sealing, without using drills, would make it possible to preserve dental tissues, in the same way as is done in enamel, with a low cost procedure. In view of these points, the aim of this study was to test the hypothesis in vivo that the nonsurgical treatment of non-cavitated occlusal dentin caries lesions, using a GIC sealant would be effective in arresting them.
MAtErIALs AND MEtHODs
Ethical Considerations
The project was approved by the Research Ethics Committee of the local institution. All patients or their parents/guardians received information about the study and signed a free informed term of consent in accordance with Resolution 196/6 of the National Health Council and the Declaration of Helsinki (2000) .
Experimental Design
This randomized and controlled clinical trial followed the CONSORT statement. 24 Teeth were randomly divided into two groups: an experimental group submitted to treatment with a glass ionomer sealant and educational intervention; and a control group that received only educational intervention. Dependent variables studied were the presence or absence of clinical and radiographic caries progression. Independent variables included age (years), gender (male/female), tooth position in the arch (maxillary/mandibular), and occlusion (contact with antagonist tooth/infraocclusion).
Study Population
All procedures were conducted in a town (Natal, RN, Brazil) where there is no public water supply fluoridation, and the sample was selected among patients presenting a moderate to high risk of caries (according to the Thompson and Kaim 25 criteria) who sought a public health (Federal University of Rio Grande do Norte) service for dental care.
The sample consisted of 38 volunteers, who had not used any antibiotics during the period of 2 months prior to the study, whose teeth were examined and 51 permanent molars were selected for inclusion in the study. Inclusion criteria were (1) teeth presenting non-cavitated caries lesions by visual examination and (2) caries depth between the enamel-dentine junction and middle one-third of dentine in radiograph. Exclusion criteria were the presence of restorations and white spot leSilveira, Borges, Varela, Lima, Pinheiro sions or cavitations on other tooth surfaces. Teeth presenting reported sensitivity to any type of stimulus were also excluded.
Both the visual and radiographic exams were performed by a single trained and calibrated operator. Visual examination was made after pumice and water prophylaxis, using a flat mirror (SSWhite, Rio de Janeiro, RJ, Brazil), triplex syringe and headlight (Gnatus, Araraquara, SP, Brazil). For radiographic examination, bite-wing radiography was performed using a positioner (Indusbello, Londrina, PR, Brazil) to visualize the carious lesion depth.
A random sampling method was used, in which a number was assigned to each eligible tooth and then put into a sealed opaque envelope. The envelopes were randomly selected by an examiner who allocated the teeth to each group of this investigation.
Clinical Steps
All teeth selected for the study were again submitted to clinical and radiographic examination. After prophylaxis with pumice and water, clinical examination was performed with a flat mirror (SSWhite, Rio de Janeiro, RJ, Brazil), triplex syringe and headlight (Gnatus, Araraquara, SP, Brazil) to confirm the absence of clinically visible cavitation on the occlusal surface. For radiographic examination, silicone biting registers were obtained and bite-wing radiography was performed using a positioner (Indusbello, Londrina, PR, Brasil) to visualize the carious lesion depth at baseline. The positioner was attached to a silicon occlusal register for each patient, since it is possible that all subsequent radiographs can be executed with the film positioned exactly in the same direction, avoiding bias. Kodak E-Speed films (Eastman Kodak Co., New York, USA, lot number 3107662) were used and radiographs were taken using the same mobile X-ray source (Timex 70C mobile column, Gnatus; exposure time: 0.64 s). The radiographs were processed manually in Kodak developing (lot number 0637 C6 02687) and fixing (lot number 0714 B6 02251) solutions using the following temperature/time combination: 2 min in the developer and 4 min in the fixer at a temperature of 26 o C. Next, the patients received educational intervention (instructions with regard to oral hygiene), including the Fones' technique 26 for daily tooth brushing and the use of dental floss after meals. The fluoride sources used by the patients were also recorded. All procedures were performed by a single professional.
Clinical Steps (Experimental Group)
After complete rubber dam isolation (Madeitex, São José dos Campos, SP, Brazil), the tooth to be sealed was submitted to pumice and water prophylaxis with a Robinson brush (Microdont, São Paulo, SP, Brazil). Afterwards, conventional glass ionomer cement (Vidrion R, SSWhite, Juiz de Fora, MG, Brazil) was used as pit and fissure sealant. The glass ionomer cement was prepared according to manufacturer's instructions. The material was inserted with a dental explorer (SS White, Rio de Janeiro, RJ, Brazil) and adjusted on the occlusal surface in such a way that it remained restricted to the sulcus, thus preventing overflow and wear and tear due to occlusion and mastication. The sealant was protected with a light polymerized adhesive (Scotchbond, Multipurpose Plus, 3M ESPE, St Paul, MN, USA) to prevent syneresis and imbibition.
Sealant coverage was then evaluated by visual inspection using a dental explorer (SSWhite, Rio de Janeiro, RJ, Brazil) in order to detect any pit or fissure region not covered with the resin material. Occlusal contacts were examined using carbon paper (Accu Film II, Parkell, NY, USA) to eliminate possible premature contacts. A single trained and experienced operator performed all sealing procedures of the study in accordance with the recommendations of the glass ionomer cement manufacturer.
Examiner Calibration
Before the study began, one examiner was calibrated to compare the radiolucent area detected on radiographs obtained at baseline and at the end of the study. For this purpose, 52 baseline radiographs and 52 one-year radiographs were used, which had been obtained after one year for the experimental and control groups, as part of a previous study. 12 The radiographs were paired, coded and evaluated blindly by the examiner using a negatoscope, a x2 magnifying glass (Maped do Brasil, São Paulo, SP, Brazil) and a millimeter ruler (Prisma, São Paulo, SP, Brazil) in a dark room. The examiner's clerical assistant recorded European Journal of Dentistry Silveira, Borges, Varela, Lima, Pinheiro the occurrence of an increase or decrease, or no change in the radiolucent area (occlusoapical and/or mesiodistal direction in mm) between radiographs positioned on the left and right side. After 15 days, 39.1% of the radiographs were reevaluated to determine intra-examiner agreement. A kappa coefficient of 0.9 was obtained, demonstrating good agreement.
Observation Periods
The experimental and control groups were followed-up at 4-monthly intervals over a period of one year to permit intervention in case of carious lesion progression. A single experienced and calibrated examiner performed the follow-up exams. During each control visit, the patient was submitted to anamnesis and repeats clinical and radiographic examination, and was asked about the presence of sensitivity to any type of stimuli, as well as about the fluoride sources used during the period preceding the visit. Clinical examination consisted of evaluating the presence of visible cavitation and marginal integrity of the sealant (only in the experimental group) using the following criterion commonly applied in the literature:
27,28 total retention, partial retention and total loss. At the end of the observation period, clinical progression was defined when the teeth presented visible cavitation and/or sensitivity during this period. As regards radiographic examination, a single, previously calibrated examiner compared the dimensions of the radiolucent area (in mm) at baseline with those obtained in the other observation periods.
With respect to the integrity of the sealing material, in the case of partial loss uncovered pits/ fissures received a new application of the glass ionomer sealant according to the protocol described above. In the case of total loss, new sealant was applied to the entire occlusal surface. If any sign of caries progression were perceived (tooth sensitivity, occurrence of visible cavitation or increase in the radiolucent area seen by radiograph) in either group, the tooth would be restored using phosphoric acid (Scotchbond Etchant), an adhesive system (Scotchbond, Multipurpose Plus) and a composite resin (Z250) ( Table  1) , according to the manufacturer's recommendations. A LED curing unit (Ultra-Blue IS, DMC, São Carlos, SP, Brazil) at an intensity of 600 mW/ cm 2 was used to light polymerize both adhesive and composite.
Analysis of the Radiographs
Baseline radiographs and those obtained after one year were compared again to confirm the progression of caries during this period. A single calibrated and blinded examiner performed this exam with a negatoscope and a x2 magnifying glass in a dark room, and identified cases of progression and arrest of carious lesions in the groups studied. Cases in which the final radiograph showed an increase in any of the analyzed directions (occlusoapical and mesiodistal) were defined as caries progression. Carious process arrest was defined in two situations: no change or a reduction in one or both dimensional planes after one year.
Statistical Analysis
To determine the homogeneity of the sample the groups were first compared in terms of gender, location of the tooth in the dental arch and the presence of caries in neighboring and antagonist teeth (chi-square test), stage of eruption and degree of occlusion (Fisher's exact test), and age (Student's-t test for independent samples). With respect to the dependent variables, the control and experimental groups were compared in terms of the progression or arrest of the carious lesions detected by clinical (presence of cavitation and/ or tooth sensitivity) and radiographic examination (increase of the radiolucent area). The clinical progression of caries was compared between the two groups by the chi-square test, whereas Fisher's exact test was used for comparison of the increase in the radiolucent area on bitewing radiographs. Moreover, in the experimental group the association between the number of glass ionomer cement replacements on the occlusal surfaces and the clinical and radiographic progression of caries was evaluated using the chi-square test. GraphPad InStat Demo software for windows was used to perform all the statistical tests.
rEsuLts
All the teeth examined at baseline could be evaluated after 1-year follow-up. Characteristics of the sample (quantitative and categorical variables) and homogeneity of the groups regarding independent variables are shown in Table 2 . Comparison showed that the groups were similar in terms of baseline characteristics (P>.05).
Only fluoridated toothpaste was used as a source of fluoride by the patients of two groups during follow-up period: Tandy Morango (Colgate, São Paulo, SP, Brazil) and Tandy Uva (Colgate, São Paulo, SP, Brazil), both containing 1100 ppm fluoride. All patients used exogenous fluoride.
With respect to glass ionomer cement retention, total retention was observed in all the teeth (100%) at 4 months. After 8 months, total retention was observed in 16 teeth (19.16%) and total loss in 11 (40.74%). Five (18.51%) teeth, in which complete loss of sealant had already been noted and replacement had been made at the last observation time, presented total loss again after 1-year of follow-up. Thus, 11 (40.74%) teeth had no sealant replacement (no sealant loss), 11 (40.74%) had one sealant replacement and 5 (18.52%) had two sealant replacements.
Clinical and/or radiograph caries progression was observed in the teeth allocated to the control group after eight months, whereas in the experimental Group, it was perceived after one year. Analysis of clinical caries progression showed no association between group and the condition of the tooth at the end of the study (P=.13) ( Table 3 ). There was a 56% decrease in the relative risk of clinical caries progression occurring among the sealed teeth.
Radiograph evaluation of caries progression showed a significantly higher prevalence in the teeth of the control group (P=.004) ( Table 4 ). There was a 78% decrease in the relative risk of radiological caries progression occurring among the sealed teeth (Figures 1 and 2) .
Age, gender, tooth position, caries in neighboring and antagonist teeth, stage of eruption, degree of occlusion and number of sealant replacements (experimental group) ( Table 5) were not significantly associated with clinical and radiographic caries lesion progression (P>.05).
DIscussION
The hypothesis tested in the present investigation was partially accepted. GIC sealant was capable of arresting non-cavitated occlusal dentin caries only shown in radiographic examination. However, clinical examination showed that the sealed teeth presented caries progression similar to those that were not sealed. Table 1 . Materials used in this study.
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When a low viscosity GIC is placed over pit and fissure sealants, remnants of the material can be found in the bottom of fissures even following macroscopic sealant loss, 21 which allows continuous fluoride release into the deep fissure enamel. Fluoride has antibacterial activity, 29 so that inhibition of bacterial metabolism possibly occurred and demineralization was arrested in this study, as observed by radiographic examination.
Other authors have shown that long-term fluoride release from glass-ionomers can occur for periods lasting from several months to over three years. 30 However, in cases of clinical loss of GIC from the teeth included in this study, the remnants of material at the bottom of the fissure may not seal it properly, allowing diffusion of thermal stimuli that cause dentinal hypersensitivity. In addition, the superficial surfaces of fissures were exposed to oral conditions after macroscopic loss of GIC, which may have favored the growth of microorganisms responsible for the caries progression process, leading to the appearance of enamel cavitations, as observed by clinical analysis in this investigation.
With regard to total retention of self-polymerizing GIC and fissure sealants, low levels have been reported for GIC, ranging between 5.8% and 10.5%, 23, 31 being in agreement with the results of the present investigation (19.16%). The low retention levels of self-polymerizing GIC sealants can be justified due to their low mechanical strength. 32, 33 This fact leads to a fast loss of self-polymerizing GIC under oral conditions, as well as making retention dependant mainly on fissure morphology and the chemical composition of enamel. 23 Nevertheless, although a fast loss of GIC occurred in this study, retention was not statistically associated with caries progression by clinical or radiograph evaluation criteria. Possibly, remnants of material were maintained at the bottom of the fissure after its macroscopic loss, and fluoride could progressively be released to the enamel and underlying dentine. Moreover, the use of fluoride dentifrices may have favored fluoride recharge of the GIC sealant, as shown in vitro by Cildir and Sandali. 34 Although retention was not statistically associated with caries progression in this study, no clinical and/or radiographic signs were observed in teeth that did not lose their sealant. On the other hand, signs of progression were detected when sealant was lost. This finding may confirm the presupposition that lack of protection of the superficial fissure surface after macroscopic sealant loss influenced clinical caries progression. Probably, a larger sample would denote statistical association between retention and clinical progression of lesions.
In contrast to the control group, the results obtained in this investigation for experimental group demonstrated that remnants of GIC possibly present in the bottom of the fissure after its macroscopic loss could have a cariostatic effect on underlying dentine, as observed by radiographic examination. High fluoride content recharged by fluoride dentifrices and released in the bottom of the fissure was a finding of great importance in these results.
Lo, Chu and Lin 35 showed that cavitated occlusal dentin lesions could be arrested by regular topical fluoride (solution or varnish) application without posterior filling of the cavity. In view of this fact, the cariostatic effect of fluoride released from dentifrices was investigated in this study with regard to non-cavitated lesions, since diffusion of this ion through enamel to underlying dentin could occur, thereby arresting the caries process. Nevertheless, the results obtained in the present study could reject this presumption, given that all the teeth analyzed were exposed to the fluoride content of dentifrices but only the sealed teeth had caries progress arrested.
Considering the minimal intervention dentistry approach, the invasive strategy must be avoided whenever possible, since any surgical treatment can begin a long sequence of re-restorations, often leading to the placement of crowns and implants, irrespective of how well the first filling was prepared. 36 Therefore, the data shown in the present study has a great impact on the development of non-surgical approaches for the treatment of non-cavitated occlusal caries lesions involving dentin. Moreover, when pointing out the abovementioned results obtained by Borges et al, 12 one can presume that sealing enamel on non-cavitated occlusal dentin caries lesions with a resin-based sealant is more effective in arresting this type of caries lesion, than the use of a self-polymerizing glass ionomer sealant. Resin-based dental materials provide higher bond strength to enamel than self-polymerizing GIC. 37, 38 Consequently, all fissure surfaces can be protected for a longer time.
